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(54) Treatment of subterranean formation to control particulate f lowback 

(57) A subterranean formation is treated with a par- 
ticulate laden fluid whereby particulate f lowback is 
reduced or prevented. The method includes the steps of 
providing a fluid suspension including a mixture of a 
particulate, a tackifying compound and a hardenabJe 
resin, pumping the suspension into a subterranean for- 
mation and depositing the mixture within the formation 
whereby the tacWfying compound retards movement of 
at least a portion of the particulate within the formation 
upon flow of fluids from the subterranean formation and 
said hardenatte resin subsequently consolidates at 
least a portion of said particulate within said formation. 
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Description 

TWsinventionreiae^ 

^ T^^d tSS^kte during me production of hy*o*arbons from a subterranean formation is a continutog 
J^SiSSH J^cnvoto « cause significant wear in the hydrocarbon production equipment used in 
^S^SStSL SSi v^ibore thereby Hmiting or completely stoppingfluid produc 

^^.Z^S^es rSt be seated from the recovered hydrocarbons artfng further expense 

10 ^TSates which are available for transport may be preser* due to an "nconsoHdated nature of a subtena- 
nean^rSand/or as a result of well treatments placing particulates in a wellbore or formation, such as. by gravel 

^S^^^ean formations, it is common to place particulate materials as a filter medium and/cr 
. J^X^^S^^M^ extending outwardly from the welfoore. In fracturing operations^ 
J£%£ clmed ^Src^Sd when hydraulic pressure is applied to these subterranean^ torna^sto 
^^^L^rtZ are devefooed Proppant suspended in a viscosified fracturing fluid is earned outwardly away 

ing pressure, the proppant materials remain in the fractures holding the separated rock faces ,n an open position icrm- 

in ° MZZ ^TmTt^of^tSo the welfoore with the producticn of formation ^ 
lr J^^^^^S^^^vnL wear on production equipment the need for separation of solds 
lowing fracfunrtg/nwund^^ decreases the efficiency of the fracturing operation since the 

P^CnSSr^ 

"Z1T™£X$*^°" <* » e Teatmentffoids which were introduced into the subterranean forma- 
finwback rates accelerate or force closure of the formation upon the proppant introduced into the formation. 

resin^nsoftdationof the proppant which are not capable of use in aggressive f towback situations. Further. Iheccst of 
Tr^^ Re^Sated proppant is not always effective since there is some difficulty in plaang it unrformty wrthin the 

\Zn*«nn notation has been completed so that fracture closure pressure acting against the proppant butfdsstowty 
LT^"^^^^aSto^Tr l ze before f towback of the fracturing fluid and the beginning of hydrocarbon pro- 
S^sfo^etS^ 

,,Uid in undated formations, it is common to piece a Nation bed of grave. the ne^eUb^a^^erto 
rxesL a P^cal barrier to the transport of unconsolidated formation fines with the P 0 *"^**™^ ^ 
ca^h^cSd^yaveJ packing operations- involve the pumping and placement of a quantity of ^«J^*** 
Sn^matSbe^lbo^lOa^ 60 mesh on the U.S. Standard Sieve Series into the urx^soBdated torma- 
^adiacTtoT-^e^sometimes also desirable to bind the grav* particles together to orde^tonn a 

^J^T^^^'^Z>oiB^ <* a f torous material in the fluid with which the pariaiates are intro- 
^^l^S^^X^ generally have a length ranging upward^ from ^ peters 
a^TdSet^om about 6 to atout 200 rricrons Rbrillated fibers of smaler diameter also may be 
^ilSact^^ 

E!SEX^X£Z!E* limiting particulate ftowba*. The fibers £•» ^ <* *"*« 

^nrJmAar^rytheDroopartpa* 
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manner achieved by use of resin coated particulates. 

U.S. Patent 5,501,274 discloses a method for reducing proppant flowback by the incorporation of thermoplastic 
material in particulate, ribbon or flake form with the proppant. Upon deposition of the proppant and thermoplastic mate- 
rial in the formation, the thermoplastic material softens and causes particulates adjacent the material to adhere to the 
5 thermoplastic creating agglomerates. The agglomerates then bridge with the other agglomerates and other particulates 
to prevent flowback from the formation. 

It would be desirable to provide a more permanent method which wiO bind greater numbers of particles of the particulate 
to one another whereby agglomerates may be formed which would further assist in preventing movement or flowback 
of particulates from a wedbore or formation without significantly reducing the permeability of the particulate pack during 
w aggressive f bwback of treatment fluids. 

We have now devised a method of treating a subterranean formation to inhibit the flow of particulates back through 
the wellbore during the production of hydrocarbons, without significant effects upon the permeability of the particulate 
pack. 

In accordance with the invention, a method of treating a subterranean formation penetrated by a weUbore is pro- 
15 vided comprising the steps of providing a f hid suspension including a mixture of particulate material, a material com- 
prising a liquid or solution of a tackifying compound, which coats at least a portion of the particulate upon admixture 
therewith, and a hardenaJbte resin, which coats or is coated upon at least a portion of the particulate, pumping the fluid 
suspension including the coated particulate through the weUbore and depositing the mixture in the formation. Upon 
deposition of proppants having been coated with the tackifying compound and resin material mixture in the formation 
20 the coating causes particulate adjacent to the coated material to adhere to the coated material thereby creating prop- 
pant agglomerates which bridge against other particles in the formation to minimize initial particulate flowback and the 
hardenable resin subsequently consolidates the particulate before and during flowback. 

The coated material is effective in inhibiting the flowback of particulate in a porous pack having a size ranging from 
about 2 to about 400 mesh in intimate admixture with the tackifying compound and hardenable resin coated partial- 
is I ales. 

The coated material is effective in consolidating particulate into the form of agglomerates in a formation as a result 
of a fracturing or gravel packing treatment performed on a subterranean formation during aggressive flowback of the 
treatment fluid. 

In accordance with the present invention, a liquid or solution of a tackifying compound is incorporated in an intimate 

30 mixture with a particulate material such as conventional proppants or gravel packing materials together with a harden- 
able resin and introduced into a subterranean formation. 

As used in this specification, the term Intimate mixture" will be understood to mean a substantially uniform disper- 
sion of the components in the mixtura The term "simultaneous mixture" will be understood to mean a mixture of com- 
ponents that are blended together in the initial steps of the subterranean formation treatment process or the preparation 

36 fa the performance of the treatment process. 

The coated particulate or proppant material may comprise substantially any substrate material that does not unde- 
sirably chemically interact with other components used in treating the subterranean formation. The material may com- 
prise sand, ceramics, glass, sintered bauxite, resin coated sand, resin beads, metal beads and the like. The coated 
material also may comprise an additional material that is admixed with a particulate and introduced into a subterranean 

40 formation to reduce particulate flowback. In this instance the additional substrate material may comprise glass, ceramic, 
carbon composites, natural or synthetic polymers or metal and the like in the form of ffoers, flakes, ribbons, beads, shav- 
ings, platelets and the like. In this instance, the additional substrate material generally will be admixed with the particu- 
late in an amount of from about 0.1 to about 5 percent by weight of the particulate. The tackifying compound comprises 
a liquid or a solution of a compound capable of forming at least a partial coating upon the substrate material with which 

as rt is admixed prior to or subsequent to placement in the subterranean formation. In some instances, the tackifying com- 
pound may be a solid at ambient surface conditions and upon initial admixing with the particulate and after heating upon 
entry into the we* bore for introduction into the subterranean formation become a melted liquid which at least partially 
coats a portion of the particulate. Compounds suitable for use as a tackifying compound comprise substantially any 
compound which when in liquid form or in a solvent solution will form a non-hardening coating, by themselves, upon the 

so particulate which facilitates agglomeration and will increase the continuous critical resuspension velocity of the partic- 
ulate when contacted by a stream of water as hereinafter described in Example I by at least about 50 percent over the 
particulate alone when present in a 0.5 percent by weight active material concentration and increase the initial critical 
resuspension velocity by at least about 50 percent over the particulate alona Preferably, the continuous critical resus- 
pension velocity is increased by at least 100 percent over particulate alone and most preferably at least about 1 50 per- 

56 cent over particulate alone and the initial critical resuspension velocity is increased by at least 75 percent and most 
preferably at least 100 percent over particulate alona A particularly preferred group of tackifying oompounds comprise 
polyamides which are liquids or in solvent solution at the temperature of the subterranean formation to be treated such 
that the polyamides are, by themselves, non-hardening when present on the particulates introduced into the subterra- 
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naan tomatton A narticularly preferred product is a condensation reaction product comprised of commercially availa- 
E^Srt SS commercial products indude compounds such as mixtures of C* dibas^ aads 

^S^^frkWand higher oligomers and also smaU amounts of monomer adds which are reacted wrth 
SSmA £*2> mL S adds, synthetic adds produced from fatty acids, male* ****** 
ST,^ and 1 SnTsuch acid oompounds are available from companies such as Wrtco. Union Camp. ChemtaH. 
3££ 1^ Th^aaS ^ are availed from, lor exarr^e, Champion Chemicals, he. «*ma* 

in General the poiyamJdes of the present invention are commercially produced in batchwise processing of polyac- 
ids pleSCrS^or moreacid functionalities per molecule with a polyamJnaAs is well ^Jherr^ 
utodS^S^PotyaddB and polyfunctiona. amines are introduced into a reactor ^ere ^ a^, ^ 
S exotherrric faimfion of the amine salt occurs. After mixing, heat is applied to promote er^erm^ctehydraton 
or Z odvmer melt by pofycondensatfon. The water of reaction is condensed and removed leaving the 
l^l SS^tCT^ tne polymer are controlled by choice and ratio of feedstock. 
EZfL ?!SSSS^X»*1S adds and amines to terminate chain propagation. Genev an 
™ oT^Cr^eteWent to prevent runaway chain propagation. Unreacted amines can be removed by dstifla- 
.TTdiS^S a JcZt such as an alcohol, is adrrixed with the fnal condensation reaction produclto produce 
aT^utn^l^S be handled. The condensation reaction generafty ™ SJ^J 
229-F to about 450»F under a nitrogen sweep to remove the condensed water from the reaction. The 
X*n£ ^JX^rX ethylenSam^e, diethytenetriamine. triethytene tetraamine. amino ethyl pper- 

^^^vaSes can be converted to quaternary compounds by reaction with methylene chloride, diethyl suHat* 
teS^Z^Zi the like' TypSty the quaternization reaction would be effected at a temperature of 

v^thl SSs utilized in the treatment fluids. Quaternization of the taddfying compound^ reduce effects 
" «* JUds and reduce or minimize the buffer effects of the compounds when present ,n vanous f fcris. 
^aSSE which may be utilized as taddfying compounds include ^ukte and sdutions of. for example. 

^»w«^^ onH nnivMrhamatfiB oolvcarbonates. natural resins such as shellac and the like. 
^SiSjSS!^ SKEKi particulate in an amount of from about 0. 1 to about ao percent active 
^ ™ ^STJe coated particulate. It is to be understood that larger quantities may be used, however, the 
SSSSttAZZ* SSy increase performance and couto undesirabfy r^cej>e permeability of 
SpXTepad^rXaWy. the tackifying compound is admixed with the particulate Wmduc-mto the subterra- 
nea^ormation in an amount of from about 0.25 to about 2.0 percent by weight of the o«t^ partotote. 

is to be at least partially coated with the tackifying compound, such as glass fibers or the Bke, the compound Is present 
« In ^ ^^about 10 to about 250 percent active material by weight of the glass fibers a other added material 
rtStSSES I J SS5S active rr^eriat by weigM of the quantity of P^^* 
Srm^TirSely admixed. Preferabfy the ^^^^C^^^ ftTa^ 

^P=^^^ 

coated upon a particulate substrate and then cured to a higher degree of polymerization. Examples of such roans 
Mude ohenol-aWehyde resins of both the resole and novolac type, urea-aldehyde resins, melamine-aldehyde resins. 

^JSJiS resins and the like. The curing may result from heating the resin 
Ss^oaxorwHh the resole resins or by the addition of a catalyst or crosslinks to resm pdynv 
S^Lixtures of resins such as the resote and novalac resins may be ^ 
incoroorated to initiate potymerization in the novalac resin. Various resins are described in tor example US. Patents 
TSS^TbSSS s3SU and 4.888.240 the entire dtedosures of which are 
Sa PartkWty preferred resins indude epoxy resins such as "EPON 828" epoxy 

nmwHouston Texas. Phenolic resins such as "Resin 1866" from Acme Resin Corporation. Borden Diwston. Forrest 
ESE IbSu*^^ resm from Advanced Reek, Systems. Des Plains. Blinds and novalac 

Resins such as "BakeBto 9282 FP* resin also available from Advanced Resin Systems. 

^ resm is ack.ixed with the particulate in an arrxxon. of frorn about ^^^^^^^^ 
ticulate. Preferably, the redn is adrrixed with the particulate in an amount of from about 0.05 about 1J percent by 
weight of thepartoiate. Curing agents, catalysts or crosslinks selected from trx»e wel known ,n the art may be ut- 
liyftd with the resin to harden the resin and form a consoidated matrix of particulate. 

^icl ta^ confound interacts n^chanicaly with ^ ^^^^^ 

the subtend formation to im« « 



4 



EP0853186A2 



hardening and consolidation of the particulates by the hardenable resin. 

In one^mbodimertt. the tackifying compound, when comprised of polyamides, may be admixed and contacted with 
a material that has multi-functional reactive sites which are capable of reacting with the tackifying compound to form a 
hard reaction product which consolidates the agglomerates formed by the tackjfying compound. A "hard reaction prod- 
uct" as used herein means that the reaction of the tackifying compound with the rrujItifunctionaJ material will result in a 
substantially nonf lowable reaction product that exhfcrts a higher compressive strength in a consolidated agglomerate 
than the tackrfying compound atone with the particulates. One means of evaluating the consolidated agglomerate to 
determine whether an increase in compressive strength has occurred is through testing with a penetrometer. Samples 
may be prepared comprising particulate coated with the tackifying compound, multifunctional material and an admix- 
ture as described herein and penetrometer readings can be made using equipment such as a PWQ Penetrometer from 
Precision Scientific Company, Chicago, Illinois. Comparison of the penetrometer readings readily demonstrates the 
change that has occurred as a result of the reaction. In this instance, the tackifying compound also functions as the 
hardenable resin. The material having multi-functional reactive sites include compounds such as aldehydes such as for- 
maldehyde, dialdehydes such as glutaraidehyde, hemiacetais or aldehyde releasing compounds, diacid halides, dihal- 
ides such as dtehlorides and dibromides, potyacid anhydridesa such as citric acid, epoxides and the like. Preferred 
compounds for use with polyamides comprise furfuraldehyde, glutaraidehyde or aldehyde condensates and the like. 
The multi-functional compound is admixed with the tackrfying compound in an amount of from about 0.01 to about 50 
percent by weight of the tackifying compound to effect formation of the reaction product Preferably, the compound is 
present in an amount of from about 0.5 to about 1 percent by weight of the tackifying compound. 

The liquid or solution of tackifying compound and hardenable resin generally are incorporated with the particulate 
in any of the conventional fracturing or gravel packing fluids comprised of an aqueous fluid, an aqueous foam, a hydro- 
carbon fluid or an emulsion, a viscosifying agent and any of the various known breakers, buffers, surfactants, clay sta- 
bilizers or the like. 

Generally the tackifying compound and hardenable resin may be incorporated into fluids having a pH in the range 
of from about 3 to about 12 for introduction into a subterranean formation. The compounds are useful in reducing par- 
ticulate movement within the formation at temperatures from about ambient to in excess of 300°F. ft is to be understood 
that not every hardenable resin or tackifying compound will be useful over the entire pH or temperature range but every 
compound is useful over at least some portion of the range and individuals can readily determine the useful operating 
range tor various products utilizing well known tests and without undue experimentation. 

The liquid or solution of tackifying compound and the hardenable resin generally are incorporated with the particu- 
iate as a simultaneous mixture by introduction into the fracturing or gravel packing fluid along with the particulate. 

Fracturing fluid slurries are introduced into the subterranean formation at a rate and pressure sufficient to create at 
least one fracture in the formation into which particulate then is introduced to prop the created fracture open to facilitate 
hydrocarbon production. Gravel packing treatments generally are performed at lower rates and pressures whereby the 
fluid can be introduced into a formation to create a controlled partfcule size pack surrounding a screen positioned in the 
welfoore where fracturing of the formation may or may not occur. The particulate pack surrounding the welfoore then 
functions to prevent fines or formation particulate migration into the welJbore with the production of hydrocarbons from 
the subterranean formation. 

The gravel packing treatment also may be performed without a screen in the welfoore. In such a screenless com- 
pletion, the fluid generally is introduced into the welibore to fill the perforations and welfoore to a level above the perfo- 
rations and permitted to consolidate. The consolidated pack can then be drilled or reamed out to reopen the bore while 
providing a consolidated pack to screen fines and formation particulate from migrating into the welfoore. 

The tackrfying compound may be introduced into the fluid before, after or simultaneously with introduction of the 
particulate into the fluid. The liquid or solution may be incorporated with the entire quantity of particulate introduced into 
the subterranean formation or it may be introduced wHh only a portion of the particulate, such as in the final stages of 
the treatment to place the intimate mixture in the formation in the vicinity of the welibore. For example, the tackifying 
compound may be added to onry the final 20 to 30 percent of the particulate laden fluid introduced into the formation 
and the hardenable resin may be added to only the last 10 to 20 percent of the particulate laden fluid. In this instance, 
the intimate mixture will form a tail-in to the treatment which upon interaction within the formation with the particulate 
will cause the panicles to bridge on the agglomerates formed therein and prevent movement of the particles into the 
welfoore with any produced fluids. The tackifying compound and hardenable resin may be introduced into the blender 
or into any ftowline in which they wOl contact the material to be at least partially coated by the compounda The com- 
pounds may be introduced with metering pumps or the like prior to entry of the treatment fluid into the subterranean 
formation. 

In an alternate ernbodimertt, the particulate may be premixed with either the tackifying compound or the hardenable 
resin prior to admixing with a treatment fluid and the other constituents for use in a subterranean formation. In some 
instances, resin precoated particulates may be utilized and the tackifying conpound then would be added during per- 
formance of the subterranean formation treatment Depending upon the type of resin coating employed, a catalyst then 
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would be added to the treatment fluid or introduced in a flush fluid a the like. h ~rm~Kiitvtun 
"^Linolv h has been found that use of the method of the present invention can produce high permeab^ 

To further illustrats the present invention and not by way of limitation, the following Examples were provided. 
Example 1 

end of porton ™ ™^ ™ nected t0 inlet 12 ^ a controlled flow of water is initiated. The velocity of the 

stream. This determines the baseline for the startng of the resuspensran veiocny^ ,u w rAR11RDension vgIoc . 

n. corcenratttna land an Mai about 0. 1 10 about 3 porcort. iKwovar. "»0- 5 PO'o«^'*W"«"™™JT 
sand are set forth below in Table I. 
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TABLE I 



Test No. 


Particulate Size 


Coating Agent. %V/Wt 
Particulate 


Percent Of Velo< 


city Change At : 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 


1 


20/40/mesh sand 


none 


0 




2 


20/40 mesh sand 


1/2 percent pdyamide 


192 


222 


3 


20/40 mesh sand 


1 percent poryarnide 


r 271 


391 _ 


4 


20740 mesh sand 


1/2 percent phenolic 


-0.5 


ii 


5 


20/40 mesh sand 


1 percent phenolic 


-9 


-6.8 


6 


20740 mesh sand 


1/2 percent epoxy 


-9 


-1.2 


7 


20740 mesh sand 


1 percent epoxy 


5.2 


12.2 


8 


12/20 mesh sand 


1/2 percent pdyamide 


I 228 


173 



50 



55 
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TABLE I (continued) 



Test No. 


Particulate Size 


Coating Agent, % V/Wt 
Particulate 


Percent Of Velocity Change At: 








Starting of Sand Particle 
Transport 


Continuous Sand Trans- 
port 




12/20 mesn sand 


1 percent polyamtde 


367 


242 


10 


12/20 mesh sand 


1/2 percent phenolic 


42 


22 


n 


12/20 mesh sand 


1 percent phenolic 


42 


13 


12 


12/20 mesh sand 


1/2 percent epoxy 


48 


30 


13 


12/20 mesh sand 


1 percent epoxy 


38 


15 



The data clearly illustrates the substantial increase in the critical resuspension velocity of a particulate coated with 
the tackifying compound in comparison to other known formation consolidation agents which require hardening to be 
effective. 

The test results clearly demonstrate the beneficial results achieved by practice of the method of the present inven- 
tion with respect to proppant production from a simulated formation. 

EXAMPLE II 

The stabilization properties of the method of the present invention are determined by comparison to untreated sand 
and sand including a tacWfying compound. The flowback velocity is measured in an American Petroleum Institute 
approved simulated fracture flow cell. The cell contains Ohio sandstone cores having a proppant bed size of about 1 .5 
inches in height, about 7 inches in length and about 0.25 inches in width between the cores. The bed is initially pre- 
packed with 20/40 mesh sand by introducing the sand into the cell in an aqueous slurry or a gelled fluid containing 40 
pounds of guar per 1000 gallons of aqueous fluid. The cell is fitted with a 0.3 inch hole at one end to simulate a perfo- 
ration. The hole is visible through a sight glass so that proppant production through the hole can be visually determined. 

The cell then was cleaned and packed with another proppant pack for testing. The tested materials are set forth in 
Table II, below. 

While the present invention has been described with regard to that which is currently considered to comprise the 
preferred embodiments of the invention, other embodiments have been suggested and still other embodiments will 
occur to those individuals skilled in the art upon receiving the foregoing specification. It is intended that all such embod- 
iments shall be included within the scope of the present invention as defined by the claims appended hereto. 



TABLE II 



SAMPLE 


PACKING FLUID 


ADDITIVES TO SAND. % BY WT. SAND 


FLOW RATE, ml/min AT 
WHICH FAILURE 
OCCURS 


1 


water 


none 


84 


2 


gel 


none 


90 


3 


gel 


1% by wt polyamide 


180 


4 


gel 


2% by wt potyamide 


384 


5 


gel 


1% by wt polyamide and 1% out Bakelrte 9282 FP 
resin 


>3000 1 


6 


gel 


1% by wt polyamide and 1% by wt Bakelrte 9282 FP 
resin 


>260O 2 



1 pack heated at 250°F for 72 hours before testing, no sand production during test 
pack heated at 180°F tor 4 hours before testing no sand production during test 
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Claims 



1 A method' of treating a subterranean formation, which comprises the steps of introduces i a treatmert ^uidintoa 
e.Z^nJn rtoZSon- admixinc with at least a portion of said fluid, a particulate which is introduced into and 
^S^SS^^ wtth a, le^porton o» said partite a liqu* or -<^ot a^yjjg 
J*«ebvat least a portion of said particulate is at least partially coated by said compound such that the 
^S^^M^^^y coated particulate « increased by at least about 50 percerrt 
^t££%TZZ rf05% atfve material weight over said particulate alone with water; admixing with at 
SsTaS^ o? SparSe in said treatment fluid a hardenable resin whereby at lea* a P^^"^ 
rf^^TaV^ast oartSy coated by said resin; depositing the tackifying compound and hardenabte resin coated 
^lla^nTe^an^fcition; and fk»ring back fluid from the formation whereby the tadufyngcom- 
p^atTZi^ment of at leaS a portion of the particutate wHhir , said formaton and saxd 
ZZ^^sZ^e^y consolidates at least a portion of the particulate within sa* formation. 

2. Amethodacconfingtoclaiml.^^ 

from 0. 1 to 3.0 percent by weight o* said particulate. 

3. A method according to claim 2. wherein said tackifying compound is admixed with said particulate in an amount of 
from 0.25 to 2 percent by weight of said particulate 

4. A method according to claim 1 , 2 or 3, wherein said coated particulate has a critical resuspension velocity in excess 
of 100 percent over said particulate alone. 

5. A method according to daim 1 . 2. 3 or 4. wherein said tackifying compound comprises a liquid, or a solution of a. 
potyamide. 

A method acooKJng to any of claims 1 to 5. wherein said tacWfying compound comprises predominantly awnden- 
s\^cS?p7^ucl7a dimer acid containing some trimer and higher oligomers and some monomer aads wth 
a polyamine. 

7 A method according to daim 6. wherein said polyamine comprises at least one of ethylenediamine. diethylenetri- 
amine. triethylenetetraamine. tetraethylene pentaamine. aminoethylpiperazine. 

8. A method according to daim 6 or 7. wherein said tackifying compound has been quaternized. 

9. A method according to any o. daims 1 to 8, wherein said hardenaWe r *™^™J^«™«^ M * 
hyde resins, urea-aldehyde resins, mdarrfne-aldehyde resins, epoxy resins, furfuryl alcohol resins. 

10. A method according to any of daims 1 to 8. wherein said rjdena^isar^ prcdudol MJ»£<E« 
compound and a multifunctional material comprising at least one member selected from dialdehydes. diaod nan 
dee, dihalides, and pdyacid anhydrides. 
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